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Abstract
Background. The use of new technological devices has gained popularity and has been proposed to improve the safety of liver
resection. This study was designed to evaluate the usefulness of the ultrasonically activated device (USAD) during open
liver resection. Materials and methods. Indication for surgery, type of resection, need to perform a Pringle manoeuvre,
operation time, blood loss, number of blood transfusions, morbidity and mortality rate were analyzed in 60 patients
undergoing a formal open liver resection by means of USAD. Results. The overall mean operation time was 172 minutes
(range 120255 min); an intermittent warm ischemia was applied in 9 cases (15%). The overall mean blood loss was
410 mL (median 400 mL, range 50950 ml). A median of one blood transfusion was administered in six patients (10%).
The mean hospital stay was 10.2 days (median 11, range 816). The overall morbidity rate was 20% (12 out of 60 patients).
No in-hospital mortality was recorded. By subdividing the patients according to the presence or absence of cirrhosis no
statistical significant differences were found between the two subgroups in all peri-and postoperative outcomes. Conclusions.
In conclusion, though there is a lack of data based on well conducted controlled studies and further on a greater number of
patients are needed, the utilization of USAD may help tominimize blood loss during liver resection regardless of the
condition of the liver, even in case of cirrhosis.
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Introduction
In the last two decades liver surgery has become
widely accepted as an optimal therapeutic option for
many patients with both benign and malignant
lesions. The postoperative outcomes in terms of
morbidity and mortality improved significantly in
many series, thanks to a careful selection of patients
and a progressive improvement of surgical and
anesthesiological techniques [1]. Glissonian ap-
proach and selective clamping or ligation of intrahe-
patic portal triads together with the use of low
central venous pressure (CVP) anesthesia, reduced
significantly the intra-operative blood loss during the
parenchymal transection [2]. Nevertheless, bleeding
control remains the key point to best perform a liver
resection minimizing both blood loss and hepatic
ischemia. Intra-operative blood loss and consequent
need for intra- or peri-operative transfusions have
been shown to have a negative impact on post-
operative outcomes [3]. Further complications di-
rectly connected with the technique used for
parenchymal transection are bile leakage, haema-
toma, and infections. Therefore, in recent years, the
use of new technological devices has gained popu-
larity and has been proposed to improve the safety of
liver resection.
The aim of the present study was to assess the
usefulness of the ultrasonic activated device (USAD)
for the dissection of liver parenchyma which was
used as the main surgical device during open liver
resection.
Materials and methods
We retrospectively analyzed the database of patients
operated on for liver resection at the Department of
General and Hepato-Pancreato-Biliary Surgery,
S. Maria di Loreto Nuovo Hospital, Naples, between
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January 2001 and November 2006. A group of 60
patients undergoing a formal open liver resection by
means of USAD are the objective of the present study.
The preoperative workup consisted of a specified
protocol including blood examinations, spirometry,
abdominal ultrasound, and angiocomputed tomogra-
phy (CT) scan; in selected cases we performed
angiomagnetic resonance imaging (MRI). In cirrho-
tic patients, contrast-enhanced harmonic sonogra-
phy, esophagogastroduodenoscopy, and evaluation of
hepatic function using the ChildPugh classification
of liver dysfunction was also carried out.
Liver resections were defined according to IHPBA
Brisbane 2000 classification [4].
Ultrasound dissector
The USAD (UltraCision, Ethicon Endosurgery, Cin-
cinnati, USA) (Figure 1) is composed by a generator
emitting high frequency alternating electric current
with a foot switch; a hand piece containing an acoustic
transducer triggering vibration caused by high fre-
quency electrical energy; and a single-use shears
consisting of an upper anvil and an active lower blade
which vibrates longitudinally at an harmonic fre-
quency of 55,000 HZ. A blunt coagulation mode is
used in order to attain good haemostasis, via slow
cutting [5]. The tip of the vibrating blade has an
excursion of 50100 mm. The lateral spread of the
energy is estimated to be approximately 500 micro-
meters. The ultrasonic vibration energy acts by
severing hydrogen links, which results in the alteration
of protein structures, inter-cellular dissection and low
temperature vaporisation of the intra and extra-
cellular water and hence the section of the tissue.
The local action of the instruments leads to the
formation of a protein coagulum, which controls
bleedings in vessels up to 3 mm of diameter and
makes the tissue fragile enough to be dissected.
Surgical technique
All the operations were performed with the patient
under general anesthesia. Patients were placed in the
supine position with a pad. All the operations were
carried out under controlled CVP which was main-
tained at less than 5 mmHg.
Exploratory laparoscopy was conducted to assess
the stage of the disease and an intra-operative ultra-
sound was performed to evaluate the resectability of
the lesion as the endpoint of a prospective ongoing
study. When resectability of the lesion(s) was ascer-
tained, a right sub costal incision was performed and
then extended in a J shape or to the left, if necessary.
The liver was mobilized according to the individual
requirements of the resection; then the hepato-gastric
ligament was opened to inspect the Winslow foramen
and a tourniquet placed around the hepato-duodenal
ligament to perform a Pringle manoeuvre when
necessary. This step was only preventive and no
Pringle was usually performed unless severe bleeding
appears.
In case of formal hepatectomy the appropriate
hepatic arterial and portal vein branches were tied.
The hepatic vein was generally sutured with an extra-
hepatic approach using a vascular stapler. When the
resection regarded one or more liver segment(s), the
respective portal branches were suture-ligated. Under
ultrasound guidance, the liver capsule was incised
with electrocautery to outline the resection plane.
Subsegmental resections were performed without
preventive vascular control. The USAD using med-
ium energy at amplifier setting 3 and in the blunt
fashion was then employed to divide the liver tissue.
Small bleedings were controlled by electrocautery,
wet bipolar forceps or USAD in the flat coagulation
mode. Larger vascular and biliary structures were
exposed and electively tied and ligated. Once resec-
tion was completed, the liver surface was inspected for
residual bleeding or bile leakages. A biologic fibrin
Figure 1. The ultrasonic activated device (USAD) (UltraCision, Ethicon Endosurgery, Cincinnati, U.S.A) with its blades in the three
different coagulation modes.
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glue (Tissucol; Baxter, Vienna, Austria) or a new
haemostatic gel (Floseal; Baxter) was applied on the
raw liver surface.
Statistical analysis. Indication for surgery, type of
resection, need to perform a Pringle manoeuvre,
operation time, blood loss, number of blood transfu-
sions, morbidity and mortality rate were analyzed.
The data are expressed as means9standard deviation.
By subdividing the patients according to the presence
or absence of cirrhosis, differences in means between
subgroups were compared using the Student’s t
¯
-test.
Comparisons between categorical variables were ana-
lyzed using the Chi-square test. A p-value less than
0.05 was considered statistically significant.
Results
From January 2001 to November 2006 the USAD
was employed to perform 60 open liver resections.
The following indications for surgery were encoun-
tered: hepatic metastases (16 pts), hepatocellular
carcinoma (32 pts), intrahepatic cholangiocarcinoma
(3 pts), hepato-cholangiocarcinoma (1 pt), hepatic
benign tumors (8 pts; four of whom were hemangio-
mas). Twenty-eight segmentectomy (10 patients with
liver metastases, 16 with hepatocellular carcinoma
(HCC) on cirrhosis, two with benign tumor), 14
bisegmentectomy (six patients with hepatic metas-
tases, six with HCC on cirrhosis and two with benign
tumor), three left lateral sectionectomy for HCC on
cirrhosis) and four left and seven right hepatectomies
(three for HCC on chirrosis, four for hepatic metas-
tases, three for cholangiocarcinoma and one for
hepato-cholangiocarcinoma) were performed. The
overall mean operation time was 172 minutes (range
120255 min). An intermittent warm ischemia
(15 minutes of clamping followed by 5 minutes of
reperfusion) by means of Pringle manoeuvre was
applied in nine cases (15%). The overall mean blood
loss was 410 mL (median 400 mL, range 50950 ml)
and a median of one blood transfusion was adminis-
tered in six patients (10%). The mean hospital stay
was 10.2 days (median 11, range 816). The overall
morbidity rate was 20% (12 out of 60 patients).
Major morbidity occurred in two patients who
respectively experienced pneumonia and acute renal
failure; no postoperative biliary leakage or abscess
formation were observed. No re-operations were
required. Minor morbidity consisted of pleural effu-
sion, transient ascites and anemia. No in-hospital
mortality was recorded. By subdividing the patients
according to the presence or absence of cirrhosis, no
statistical significant differences were found between
the two subgroups in terms of lesion(s) diameter,
number and duration of the Pringle manoeuvre,
operation time, blood loss, number of transfusion,
length of hospital stay, and morbidity rate.
Discussion
In recent years, several different techniques such as
the use of hypotensive anesthetics, Pringle man-
oeuvre, or total vascular exclusion have been devel-
oped to allow safer liver resection with a decreased
intra-operative blood loss [69]. The use of scalpel,
finger crushing or clamps for parenchymal transection
has been progressively complemented by the intro-
duction of more sophisticated technological devices
such as hydrodissectors, radiofrequency energy, and
ultrasonic dissectors [10,11]. The USAD, originally
developed for laparoscopic general surgery, has been
approved as a safe surgical instrument [1215].
In our laparoscopic liver resections experience, the
use of an ergonomic palmar handle harmonic scalpel
and the clear view resulting from the very low smoke
development, along with good coagulating effect
resulted very convincing [16].
In open surgery, the instrument preserves the above
mentioned qualities, and can be used for blunt
preparation, cutting and coagulation achieved by local
thermal denaturation that results from the longitudi-
nal vibration of the blade. Both thermal spreading and
conduction have been shown to be significantly lower
when compared with electro coagulation and laser
[11].
Having gained experience with the USAD during
laparoscopic liver surgery [16], we have transferred
the preference to approach the cut surface of the liver
from up to down, layer by layer, even in open surgery
[1719].
Once the liver capsule is marked with electrocau-
tery, we used the ultrasonic blades in a blunt fashion
up to 23 cm of depth circumferentially, along the
resection plan, by closing them progressively (Figure
2). This technique allows a safe and effective transec-
tion also in a cirrhotic liver. Continuing the dissection
deeply in the liver, the USAD needs to be applied for
longer time and small bleedings has to be managed
with different surgical devices such as humid bipolar
Figure 2. The circumferential use of USAD on the surface along
the liver resection plan during a bisegmentectomy (IV b-V) for
gallbladder carcinoma.
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forceps, Argon beam Coagulator or USAD itself, but
in the flat coagulation mode.
A drawback of USAD is likely evident in close
proximity to large venous branches as it occurs during
major hepatic resections when it can easily damage
the vessel wall, causing a brittle bleeding that can
disturb the further steps of the procedure [20].
In the current study more than half of the patients
had an hepatocellular carcinoma(HCC) on cirrhosis
whereas the remaining had a benign or malignant
primary lesion(s) occurred in a non-cirrhotic liver.
Our policy with cirrhotic patients is to mostly select
those with a well compensated chronic liver disease
(ChildPugh class A and B low score), without signs
of portal hypertension (Oesophageal varices 5F2).
On the other hand, complicated cirrhosis (child Pugh
class C) and American Society of Anesthesiologists
(ASA) class exceeding three are considered contra-
indications. Duration and number of the Pringle
manoeuvre, operation time, blood loss, number of
transfusion, length of hospital stay, and morbidity rate
were similar in patients with or without cirrhotic liver
disease. Indeed, we perform the Pringle manoeuvre
only in selected cases in both open and laparoscopic
surgery since it is questionable to apply such man-
oeuvre especially in cirrhotic patients [16]. We think
the USAD may help to avoid this manoeuvre thanks
to its haemostatic effect during parenchymal transec-
tion, even in cirrhotic liver. We also found no
significant differences in all the other parameters
evaluated, but this may partly be explained by the
two groups being different in terms of a higher
prevalence of major resection performed in patients
with a non-cirrhotic liver.
Looking at the relatively low morbidity rate in our
series, one can speculate that it may be related to
some extent to the employment of USAD. During
liver resection, such device has been reported in
association with a plain and brownish cut surface of
the liver (Figure 3). This can partly explain why
biliary leaks or persistent bleeding can easily be
detected and treated [21]. On the other hand, several
other factors may play a major role to seal the raw
surface of the liver and ensure hemostasis and
biliostasis, such as the use of an argon beam coagu-
lator or fibrin glue.
In a recent retrospective study, the USAD was
found effective and superior to the ultrasonic aspirator
in reducing blood loss and shortening the time of the
operation, suggesting its employment during limited
liver resections with cirrhosis or chronic hepatitis [22].
Previously, Whrightson et al. reported on the com-
bined use of USAD and vascular stapler, confirming
that it provides a relatively bloodless dissection only
on the surface of the liver, since the transection blade
were of insufficient length to divide larger vein
branches [23]. On the other hand, they found an
high rate of biliary leak, arguing that this instrument
may not completely seal all the bile ducts.
The authors concluded that a combined use of new
technologies facilitates the surgeon’s aim of liver
resection without blood transfusion or Pringle man-
oeuvre, thereby reducing the risk of postoperative liver
dysfunction. Indeed, we deem that the use of the new
technological devices may also encourage general
surgeons to perform minor liver resections with fair
feasibility and safety, and popularize liver surgery as
an optimal therapeutic choice in the management of
liver tumours (such as small synchronous colorectal
liver metastases), instead of alternative ablative pro-
cedures.
In conclusion, though there is a lack of data based
on well conducted controlled studies and further ones
on a greater number of patients are needed, the
utilization of USAD may help to minimize blood
loss during liver resection regardless of the condition
of the liver, even in case of cirrhosis.
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